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Abstract 
In this paper, we first address improvements of precision surface miner control using GPS techniques. An application in an iron ore mine 
in Western Australia is presented.  The second item addressed is development of a new drum driving technique for the T1255 Terrain
Leveler® surface excavation machine (SEM). This technique involves installing the slow speed hydrostatic motor directly on the cutting 
drum rather than driving the drum through chain and sprockets. Vermeer has introduced a larger model: the T1655 Terrain Leveler® SEM. 
Performance of the new machine in various rock hardnesses is detailed. 
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1. Introduction 
Precision surface mining is gaining traction in the iron ore, copper, iodine, limestone, bauxite, coal and gypsum markets. 
As previously reported (Hutchins, G.J.  [1]), precision surface mining is being employed to increase production in existing 
mines, increase available ore on the mine floor and mine boundaries, mine thin seams, and increase product quality through 
selective mining and/or loading. These advantages cannot be achieved using drilling and blasting techniques. In this paper, 
we describe not only recent advances in Vermeer surface mining equipment, but also improvements in surface miner control 
techniques. Some examples of the performance of the new equipment are presented.
2. GPS control of cutting drum 
The Trimble (or other manufacturer’s) GPS configuration used on the Vermeer Terrain Leveler SEMs consists of a base 
station, a single GPS mast on the machine, a tilt sensor, and a radio as shown in Fig 1. The base station is positioned at a 
known point in the mine which has the best visibility of all sections – often times the highest point. Since the location of the
base station is fixed and known, it can provide position corrections to the machine of the rough position coordinates 
calculated by the control module in the mobile unit. These corrections are transmitted via the radio. The radio antenna on 
the mobile unit must be in line of sight of the base station radio antenna. In some mines, additional repeaters set up in 
known locations act as transfer stations and extend the range and coverage as necessary. 
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Using a hand-held/truck-mounted GPS receiver, an initial survey is conducted of the pit/strip/area to be cut. This 
information is uploaded into Trimble Business Center, and a design plan developed. This design plan is a three-dimensional 
picture of the mine surface at the time of the survey. The mine surveyors or mine planners then decide on the depth of cut 
for each flitch. A separate cutting plan design is generated for each of the flitches. These plans are then downloaded into the
control module of the surface miner either wirelessly or via memory sticks. The operator chooses the appropriate flitch plan 
at the start of his shift. This method takes the control of the cutting depth away from the operator, and places it in the hands
of the mine surveyors or mine planners. 
During operation, the GPS will control the cutting depth and drum angle in accordance with the plan. It will also provide 
some steering guidance to the operator as the surface miner processes the pit. (The operator remains in control of the 
steering throughout the mining operation.)  A picture of the control module in the cab is shown in Fig 2. If the cut depth has 
followed the plan, the screen turns green as the run progresses. If the cut depth is exceeded, then the screen turns blue. If the
cut depth is too shallow, the screen turns red.  A white screen means the area wasn’t processed.
Use of a tilt sensor in conjunction with a single GPS mast allows guidance of the drum to a design plan which can vary in 
three dimensions. Fig 3 shows five T1255 Terrain Leveler SEMs all cutting to the same design in an iron ore mine in 
Western Australia. The GPS also provides production data for each flitch. This data is in the form of TAG files which give 
information on the x, y and z coordinates of the drum location versus time. These TAG files can be transmitted either 
wirelessly or via a memory stick. Using Trimble’s Site Vision Office (SVO), the cut surface can be generated, and 
compared with the design surface to calculate the cut volume for each flitch. An example of the output from SVO is given 
in Fig 4.  With SVO, it is possible for remote locations to monitor the movement of one or multiple surface mining 
machines and determine how they are performing.  
                             
Fig. 2. GPS control monitorFig. 1. GPS setup
Fig. 3  T1255 Terrain Levelers SEMs with GPS Fig. 4.  Production data output from SVO
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3. Direct drive drum 
Vermeer’s initial entry into the precision surface market is the T1255 Terrain Leveler SEM as described in reference [1]. 
This machine, hydrostatically driven, employs two chains to drive the drum which is wider than the tracks and supported 
from the center (Fig 5). While this configuration allows the ability to cut a vertical highwall, Vermeer decided to investigate
the utility of installing the hydraulic motors directly on the drum. By doing this, we could eliminate costs associated with 
upkeep of the chain, sprockets, and base plates. In addition, there was the possibility of increased production rates to be 
achieved by eliminating chain energy loss. Because the hydraulic motors on the direct-drive drum extend out past the edges 
of the drum, the direct-drive model cannot cut a vertical highwall. If a vertical highwall is required, the traditional chain-
driven Terrain Leveler SEM can work alone, or in combination with one or more direct-drive Terrain Leveler SEMs. In that 
way we can combine the more cost effective direct-drive with the vertical highwall capabilities of the chain-drive. 
Fig. 5.  T1255 Terrain Leveler SEM chain-drive 
Fig. 6. T1255 Terrain Leveler SEM direct-drive
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4. Direct-drive drum vs. chain-drive drum  
Photographs and specifications of the T1255 Terrain Leveler SEM chain-drive and T1255 Terrain Leveler SEM direct-
drive are shown in Fig 5 and Fig 6. Two trials were conducted using both machines in an attempt to determine the 
performance of each type of drive in different operating conditions. In both trials, the machines operated in the same pit, 
machine locations were swapped, as were operators. These steps were taken in order to insure that as much as possible the 
production rate differences were due to differences in the drum drive mechanism, and not operator or material dependent. 
4.1. Operation in gypsum
The first trial was conducted at a gypsum mine located in Oklahoma, USA. Gypsum is a soft material with hardness on 
the order of 20 – 30 MPa (2,900 – 4,350 psi). But because of its structure it is hard to cut. The average production rate of the
chain-drive machine was 279tph, while the average production rate for the direct-drive machine was 375tph – an increase of 
more than 30%. To be conservative, Vermeer has established that the direct-drive machine has the potential to increase the 
production rate 30% over that of the chain-drive machine in gypsum.  This increase in production rate was achieved using 
tractors with the same horsepower, with both machines being operated at the maximum rate possible.  As a second step in 
the trial, the direct-drive machine was operated on a section of anhydrite in the same pit.  Anhydrite is a hard material 
present in most gypsum mines.  Previously, it was not deemed economical by the mine to process the anhydrite with the 
chain-driven machine because of the low production rate, and unacceptable wear and tear on the ground engagement tools 
(GET).  The increase in production rate achieved by the direct-drive machine over the chain-drive machine in gypsum was 
duplicated in anhydrite. While tooth wear of the direct-drive was increased somewhat over that obtained in gypsum, the 
increase in production rate and the decreased cost of other GET made the cost of processing the anhydrite acceptable to the 
mine.    
4.2. Operation in iron ore 
The next step in the demonstration project was to determine the performance difference between the two machines in 
iron ore. Fig 7 shows the trial configuration and Appendix A.1 shows the results of the trial in iron ore at an iron ore mine in
Western Australia. The hardness of iron ore in this mine varied from 20 to 150 MPa (3,100 to 21,750 psi).  As in gypsum, 
the increase in production rate of the direct-drive versus chain-drive was approximately 30%.   
Fig. 7.  Chain-drive vs. direct drive in iron ore
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5. T1255 Terrain Leveler SEM direct-drive performance 
Fig 8 shows the T1255 Terrain Leveler SEM direct-drive operating in a limestone overburden at an oil shale mine in 
Estonia. The Limestone overburden is approximately 3 - 4 meters (9.8 – 13.1’) thick and has a hardness varying from 20 to 
100 MPa (2,900 to 14,500 psi).  The softer rock is mostly the top portion of the overburden.  There are layers of limestone 
interburden distributed throughout the oil shale ore body which tend toward the harder ranges with depth.  Both types of 
limestone overburden/interburden are structured such that they are harder to cut than the hardness values would indicate. 
The Vermeer rock lab has developed an energy test which helps to predict this behavior.
Results of cutting the limestone overburden are shown in Appendix A.2.  An average production rate of 433 BCM/hr was 
achieved during the period of the trial. The instantaneous production rate estimated using the Vermeer Solutions Calculator 
[2] is 230 – 400 BCM/hr.  
As stated in the section above, the production rates in the Solutions Calculator for the direct-drive machine were 
calculated by increasing the chain-driven production rates by 30%. This correlation between actual and predicted production 
rate in the limestone overburden indicates that the 30% production rate improvement found in gypsum and iron ore was 
conservative.
6. T1655 Terrain Leveler SEM 
Fig. 8.  T1255 Terrain Leveler direct-drive in limestone overburden
Fig. 9.  T1655 Terrain Leveler SEM
81 Stephan Oppelaar and Jim Hutchins /  Procedia Engineering  83 ( 2014 )  76 – 85 
Specifications of the T1655 Terrain Leveler SEM are given in Fig 9.  This new entry into the precision surface mining 
market has twice the horsepower of the T1255 Terrain Leveler SEM. It is a two-track, direct-drive machine which 
incorporates all of the maneuvering flexibility of the chain-driven model, along with the improved performance of the 
direct-drive model. This machine preserves the weight to horsepower ration of the smaller machines, and incorporates top-
down cutting using the Tec Plus® operating system to optimize performance. Attention has been given to operator comfort 
with installation of an air-bag vibration dampening system on a double-size cab. Visibility of the cutting face has been 
improved with the installation of movie cameras on the off-side of the machine.  As with the smaller T1255 Terrain Leveler 
SEM, the larger model cuts to ground in order to optimize production rate performance on the mine site. As can be seen 
from Fig 9, the drum is rear-mounted, and is wider than the tracks. Because the hydraulic motors extend out beyond the 
drum, the T1655 Terrain Leveler SEM does not cut a vertical highwall.  
6.1. T1655 Terrain Leveler SEM performance in iron ore
x Rock hardness of various strips 
Many point load tests were conducted on the strips where the T1655 Terrain Leveler SEM was operating over a two 
week period (Appendix A.3). We found that there were rocks of all types of hardness in each of the strips.  In pits where the 
T1655 Terrain Leveler SEM was cutting rock at only one meter per minute, the range in rock hardness included rocks less 
than 30 MPa. In strips where the T1655 Terrain Leveler SEM was cutting rocks at more than 30 meters per minute, we 
found rocks with hardness in excess of 200 MPa. In some cases, we found this variation across the width of the drum. After 
all of the testing, we formed the conclusion that the way the iron was laid into the ground was more important than the 
hardness of an individual rock. With this in mind, after riding in the cab for many hours, we concluded that the speed of the 
T1655 in cutting any particular rock would be a better indicator of its hardness than testing with the point load tester. 
x GPS methods for production figures  
During the first week on site, Vermeer personnel riding in the T1655 Terrain Leveler SEM cab filled out data sheets 
which detailed the times of production, speed of transit, teeth changing times, etc.  After inputting them into the Vermeer 
tracking program, VISTA, a close correlation was found with those production figures being reported using GPS methods 
for the T1655 Terrain Leveler SEM.  As mentioned previously, using SVO we were able to closely estimate the volume 
mined by the T1655 Terrain Leveler SEM using information output from the GPS system while cutting.  This method is 
accurate in calculating the overall tonnage mined – more accurate than the method used by tracking the time distribution 
figures.  But it could not be used to calculate tonnage figures for various hardnesses of rock.
x Calculating production rate by rock hardness 
The method used to look at rock hardness by hand-filled forms is imprecise – depending upon accuracy of hand input. In 
order to determine the cutting speed of the T1655 Terrain Leveler SEM, we needed to have accurate time information on the 
position of the T1655 Terrain Leveler SEM as it cut the rock in a strip. This information is available from the GPS – 3-D 
coordinates are given at an average rate of three times per second. Using SVO, we were able to obtain large Excel 
spreadsheets of the TAG files which gave times and coordinates. With this, using the power of Excel 2010, we calculated 
the speed of the T1655 Terrain Leveler SEM, and the length of travel for that speed. From this, we were able to calculate 
bank cubic meters using the width of theT1655 drum and cutting depth. The following criteria were used to sum up the 
tonnage for the various speed ranges: Less than 1 meter per minute = VERY HARD ROCK; between 1 and 5 meters per 
minute = HARD ROCK; between 5 and 15 meters per minute = MEDIUM ROCK; and  
greater than 15 meters per minute = SOFT ROCK.   
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6.2. Production rates of the T1655 Terrain Leveler SEM in iron ore
Results of using this formulation over an eight month period are presented in Fig 10.  A total of 2,740,400 tonnes 
(3,020,773.9 tons) of iron ore were mined, with an average production rate of 1,576 tonnes/hr (1,732.2 tons/hr).   Production 
rate by rock hardness is detailed in Table 1.  Using the Vermeer Solutions Calculator for similar rock conditions the 
following production rates for the T1255 Terrain Leveler SEM chain drive in iron ore are shown in Table 2.  The production 
rates were calculated with a cutting depth of 40 cm (15.7”).  These tables indicate that the production rate in iron ore of the
T1655 Terrain Leveler SEM is approximately three (3) times that of the T1255 Terrain Leveler SEM chain-drive.  
Table 1.  T1655 Terrain Leveler SEM in iron ore
ROCK
TYPE 
ROCK HARDNESS - UCS  
PRODUCTION PRODUCTION RATE 
tonnes tons tonnes/hr tons/hr 
SOFT MPa<30 psi<4,350 1,020,900 1,125,349.6 4,345 4,789.5 
MEDIUM 30<MPa<80 4,350<psi<11,600 1,341,299 1,478,529.1 2,125 2,342.4 
HARD 80<MPa<130 11,600<psi<18,850 355,148 391,483.7 666 734.1 
Table 2.   T1255 Terrain Leveler SEM chain-drive in iron ore 
ROCK TYPE 
ROCK HARDNESS PRODUCTION RATE Ratio of production rates 
MPa psi tonnes/hr tons/hr 
SOFT UCS<30 UCS<4,350 1,470 1,620.4 2.96 
MEDIUM 30<UCS<80 4,350<UCS<11,600 702 773.8 3.03 
HARD 80<UCS<130 11,600<UCS<18,850 166 183.0 4.00 
Fig. 10.  Production rate vs. rock hardness
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6.3.  Mechanical availability of the T1655 Terrain Leveler SEM
Elimination of the chains, sprockets, and base plates has resulted in an increase in the mechanical availability of the 
T1655 Terrain Leveler SEM as compared to the T1255 Terrain Leveler SEM chain drive.  The mechanical availability of 
the T1655 Terrain Leveler SEM was 89% as compared to 84% for the T1255 Terrain Leveler SEM chain driven model for 
the same period of time.  
7. Loading considerations 
A previous paper by Hutchins [3] presented an analysis of whether it was more cost-effective to load cut material from a 
continuous surface miner using a loader built into the surface miner or to use a separate loading method. This analysis was 
carried out using a computer program to investigate mining, loading and hauling of cut material. It included a means of 
showing the coupling effect of mining and loading using a built-in loader, and indicated that it was much more cost-
effective to carry out each function separately. This analysis has been shown to be accurate at an iron ore mine in Western 
Australia, where all surface miners in one mine are cutting to ground. Fig 11 shows the cut material being separated by 
chemistry into piles using dozers and loaded into trucks with large wheel loaders. 
8. Conclusions 
x Using GPS techniques, the Vermeer Terrain Leveler SEMs are able to precisely follow ore bodies in three 
dimensions. Total production and production rates can now be reasonably estimated. 
x The direct-drive drum drastically improves the cost per ton of cutting rock of all hardnesses through increased 
production rates and reduced GET wear costs as compared to the chain-drive drum.   
x The T1655 Terrain Leveler SEM is a successful addition to Vermeer’s Terrain Leveler fleet. It is now the standard 
in production rate and mechanical availability in the precision surface mining arena. 
x Vermeer has shown it is willing and able to develop new products to provide the surface mining industry with 
solutions. This development effort will continue. 
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Fig. 11. Loading cut material with wheel loaders
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Appendix A.  Presentation of data 
A.1. Direct-drive vs. chain-drive results in iron ore 
A.2. Results of T1255 Terrain Leveler SEM direct-drive in limestone overburden
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A.3. Hardness test of iron ore 
